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(54) ALIGNER AND EXPOSURE METHOD 

(57)Abstract: 

PURPOSE: To provide an aligner and an exposure method wherein the image of 
the optical contrast of a fine pattern can be transferred. 
CONSTITUTION: A beam of irradiation light from a light source 1 is incident on 
a polarization plate 6 via an oval mirror 2, a mirror 3, a condenser lens 4 and an 
optical integrator 5. The polarization plate 6 is supported by a support utensil 7; 
it can be turned around an optical axis Ax or an axis which is parallel to it; the 
polarization direction of a transmitted light flux can be set arbitrarily. The beam 
of irradiation light is converted into a beam of linearly polarized light which is 
vibrated in a direction parallel to the lengthwise direction of a line-and-space 
pattern on a photomask 11 ; it is guided to a condenser lens 8 and a mirror 9; a 
pattern 12 on the rear surface of the mask 11 is irradiated. A beam of 
transmitted and diffracted light from the mask 1 1 is condensed by means of a 
projection optical system 1 3; the image of the pattern 1 2 is formed on a wafer 
14. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An exposure device having a polarizing member which controls a polarization condition of illumination luminous flux to said 

photo mask in an exposure device which has an illumination-light study system which illuminates a photo mask. 

[Claim 2]An exposure device of Claim 1, wherein said polarizing member is constituted by 1/2 wavelength plate or 1/4 wavelength 

plate. 

[Claim 3]An exposure method controlling a polarization condition of illumination light to said photo mask according to said pattern in 
an exposure method which transfers a pattern formed in said photo mask by illuminating a photo mask on an induction substrate. 
[Claim 4]An exposure method using a phase shift mask which has a pattern which consists of a light transmission section and a phase 
shift part to which phase-parts material which changes a phase of the transmitted light to this light transmission section was added 
as said photo mask. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the exposure transfer technology of minute patterns, such as a semiconductor 

integrated circuit pattern. 

[0002] 

[Description of the Prior Art]In order to carry out exposure transfer of the minute patterns, such as a semiconductor integrated 
circuit pattern, to induction substrates, such as a wafer in which it was applied to the resist conventionally, transmitted illumination 
of the photo mask (it is also called a reticle) was carried out, and the method of projecting a mask pattern on a wafer surface has 
been performed. Under the present circumstances, when controlling the polarization condition of the illumination light by the 
conventional exposure method positively was not performed but it used the strong laser light source of coherence, changing linear 
polarization into circular light or random polarization in order to reduce a speckle was the grade currently made. 
[0003]These days, a projection optical system is made to intervene between a photo mask and induction substrates (wafer etc.), and 
although the method of carrying out image formation projection (especially reduction projection) of the mask pattern to a wafer 
surface is common, controlling the polarization condition of the illumination light on a pattern ****** positive target also in this case 
is not performed. 

[0004]The phase shift mask which, on the other hand, added the phase-parts material to which the phase of the transmitted light is 
changed to a part of light transmission section as a photo mask suitable for transfer of a minute pattern is known. If this phase shift 
mask is used, even if it is a common exposure device, resolution and the depth of focus will improve. 

[0005]For example, a projection aligner is used, and supposing the wafer side numerical aperture of a projection optical system is 
NAw and an exposure wavelength is lambda, it is made [ that even the pattern of the detailed pitch of 0.5 lambda/NAw is resolvable, 
and ] theoretic with the phase shift mask. 
[0006] 

[Problem to be solved by the invention]However, even if it uses a projection aligner and a phase shift mask which were mentioned 
above, actual resolution (resolution which actually separates a resist pattern) is not so high as the resolution on a principle. 
[0007]Since thickness is among the resists applied to a wafer surface as one of the cause of this, it is mentioned that the depth of 
focus only for that thickness is indispensable to resolve a regist layer, and various examination is made about this point. 
[0008]However, in the conventional exposure device, since the polarization condition of the illumination light other than the problem 
of the above-mentioned depth of focus is unsuitable (detailed after-mentioned), there is an essential problem that the contrast of an 
image falls. With a projection aligner especially with a large numerical aperture (NA), a contacted type, or proximity type equipment, 
this problem becomes very serious. 

[0009]This invention is made in view of this point, and an object of invention is to provide the exposure device and exposure method 
which can acquire the image of the high contrast of a minute pattern by perceiving the polarization condition of the illumination light 
which was not examined until now. 
[0010] 

[Means for solving problem]The exposure device by invention of Claim 1 is provided with the polarizing member which controls the 
polarization condition of the illumination luminous flux to said photo mask, in order to have an illumination-light study system for 
illuminating a photo mask and to attain above-mentioned SUBJECT. 

[001 1]The exposure method by invention of Claim 3 controls the polarization condition of the illumination light to said photo mask 
according to said pattern, in order to face carrying out exposure transfer of the pattern formed in the photo mask by illuminating a 
photo mask on an induction substrate and to attain above-mentioned SUBJECT. 
[0012] 

[Function] An operation of this invention is explained with reference to drawing 3 . Drawing 3 (A) is a top view of the mask which has 
the line and space pattern located in a line in the direction of one dimension, and drawing 3 (B) is an optical-path figure for which 
signs that the illumination light Li enters almost vertically to the mask of (A), and image formation of the image is carried out to the 
wafer 14 by the projection optical system 13 are shown. 

[001 3]Here the mask 1 1 shown in drawing 3 (A), Supposing a phase shift mask (for example, indicated by JP.S62-5081 1,B) has the 
phase-parts material 12a to which only pi (2m+1) (m is an integer) changes the phase of the transmitted light at least as for spatial 
frequency abnormal-conditions type one which was arranged in the fixed pitch, Since the Oth diffracted-light comrade who penetrated 
the covering part and the non-covering part of the phase component 1 2a, respectively is offset, the diffracted light generated from 
the mask pattern 12 in drawing 3 (B) mainly becomes primary [ +] diffracted-light D p and -diffracted-light [ primary ] D m . It is 
condensed by the projection optical system 13, and these 2 light flux results in the wafer 14, and forms an interference fringe here. 
This interference fringe is drawing 3 (C). They are the images 1 5a and 1 5b (by a diagram, shown as intensity distribution) of the mask 
pattern 1 2 shown in (D). 

[001 4]The polarization direction of the illumination light Li is considered at this time. Drawing 3 (C) is a key map in which the 
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polarization direction (direction of an electric field vector) of the illumination light Li shows the situation of the image formation in the 
case (what is called S polarization) of being parallel to the longitudinal direction of the perpendicularity 1 2, i.e., a pattern, at space. In 
this case, it becomes vertical to the polarization direction mist poster side of each diffracted light (primary [ **] diffracted-light D p , 
D m ) generated from the pattern surface side of a photo mask. On the wafer 1 4, amplitude addition (coherence addition) of this two 
diffracted-lights D p and the D m is carried out. 

[0015]In drawing 3 (C), since direction of the electric field vector of primary [ +] light D p and -light [ primary ] D m is parallel, if both 
direction is equal, and a size is set to 1 and the size of the sum has 2 and reverse direction, the size of the sum will be set to 0. 
Therefore, on a wafer, contrast 100% of the image 15a which consists of the maximum of 4 (=|2| 2 or |-2l 2 ) and the minimum of 0 
(=|0| 2 ) will be formed as intensity. 

[0016]On the other hand, drawing 3 (D) is when the polarization direction of the illumination light Li is parallel to space (P 
polarization), therefore its plane of polarization of primary [ **] diffracted-light D p and D m is also parallel to space. Also in this case, 
although amplitude addition of primary [ **] diffracted-light D p and the D m is carried out on the wafer 1 4, since both polarization 
direction is not parallel (it shifts from parallel only the twice of the incidence angle theta), a different interference from the case 
( drawing 3 (O) of the image formation by S polarization is caused. The maximum of the absolute value of the amplitude sum in 
drawing 3 (D) is set to 2costheta, and the minimum is set to 2sintheta. 

[001 7]Therefore, the strong maximum is set to 4cos 2 theta, the minimum is set to 4sin 2 theta, and the interference fringe 1 5b in which 
contrast is lower than the case of drawing 3 (C) arises. For example, if the incidence angle theta to the 1 4th page of a wafer is 30 
degrees, maximum strength will be set to 4x(3 1/2 /2) 2 =3, the minimum intensity will be set to 4x(0.5) 2 =1, and contrast will have only 
(3-0/(3+1) =50%. 

[0018]In actual exposure, the light volume in photoresist poses a problem and inclination theta' of primary [ **] diffracted-light D p in 
a resist and D m , Since it becomes sintheta-sin theta/n (n is a refractive index of a resist), it will be set to sintheta'=0.31 25, costheta' 
=0.9499 (theta= 30 degrees of incidence angles) if the refractive index n of a resist is 1.6. At this time, the strong maximum is 
4xcos 2 theta=3.609, the minimum is 4xsin 2 theta '=0.391, and contrast is (3.609-0.391 )/(3.609+0.391) =80%. 

[0019]On the other hand, in the case of the image formation by S polarization of drawing 3 (C), naturally in a resist, the contrast of an 
image is 100%. 

[0020]Therefore, when the pattern formed in the mask is a line and space pattern, higher image contrast will be obtained by arranging 
the polarization direction (electric field vector) of the illumination light in the direction parallel to the longitudinal direction of a 
pattern. In the exposure device currently used conventionally, although image formation is carried out in the state of the average of S 
polarization and P polarization, controlling the illumination light according to a pattern enables it to raise the contrast of an image. 
[0021] Although the position shift mask was used as a photo mask in drawing 3 , the operation by which pattern formation was carried 
out only by the shielding member which consists of chromium etc. and which was mentioned above even if it was usually a mask is 
the same, it is arranging the polarization direction of the illumination light in the direction parallel to the longitudinal direction of a 
pattern, and the contrast of an image increases. Even if it is an exposure device of not only when performing image formation 
projection by a projection optical system, but a proximity system, improvement in contrast is achieved similarly. 
[0022]And even if the effect by controlling the polarization direction of the illumination light is an exposure device of what kind of 
form, it is so large that the pattern which should be transferred on a wafer is detailed. Considering that it is set to sin 2 theta=cos 
2 theta, and contrast is set to 0, this is clear, if theta in a figure will become large with the miniaturization of a pattern, for example in 
the example of drawing 3 and theta (actually theta') will be 45 degrees in the image formation by P polarization. 
[0023]In order to perform image formation by S polarization in a projection aligner, controlling the polarization condition of the light 
which has arranged the polarizing member to the Fourier transformation plane of a projection optical system, and penetrated the 
mask is also considered, but When the illumination light is in the average state of S polarization and P polarization, a polarizing 
member will absorb one half of the light volume of the illumination light and the influence on the image formation performance by the 
endothermic of a polarizing member poses a problem. For this reason, not the light flux after a mask penetration but the polarization 
condition of the illumination light shall be controlled by this invention. 
[0024] 

[Working example] Drawing 1 is a block diagram of the exposure device by the embodiment of this invention, and the polarizing plate 6 
is formed into the illumination-light study system in this example. In a figure, the illumination light emitted from the light sources 1, 
such as a mercury lamp, enters into the polarizing plate 6 via the elliptic mirror 2, the mirror 3, the condenser 4, and the optical 
integrator 5. This polarizing plate 6 is supported by the support 7, and is pivotable considering optic-axis A x or an axis parallel to it as 
a center. The motor (un-illustrating) etc. which were formed on the support 7 perform this rotation. Therefore, the illumination 
luminous flux which penetrates the polarizing plate 6 turns into light flux of the polarization direction (linear polarization) according to 
the hand of cut of this polarizing plate 6. 

[0025]The light flux which passed the polarizing plate 6 is led to the condenser lenses 8 and 1 0 and the mirror 9, and illuminates the 
pattern (undersurface) 12 on the photo mask (reticle) 1 1. It is condensed, and image formation of the penetration from the photo 
mask 1 1 and the diffracted light is carried out by the projection optical system 1 3, and they connect the image of the mask pattern 
12 to the wafer 14. Under the present circumstances, since linear polarization will be changed into elliptically polarized light when the 
mirror 9 in drawing 1 shifts from the position which becomes vertical or parallel to the vibrating direction of the illumination light, it is 
necessary to care about this point 

[0026]Here, the mask pattern 12 was used as a one-dimensional line ANDOHA pace pattern like a graphic display. In a actual 
semiconductor integrated circuit pattern, all the patterns are one-dimensional line and space patterns, And directivity is not 
necessarily equal, and when it is a memory circuit for example, a detailed pattern is an almost one-dimensional line and space 
pattern, and the directivity is also an equal mostly in one mask. A size of patterns other than a one-dimensional line and space 
pattern is large compared with a line and space pattern. 

[0027]Therefore, by arranging a polarization direction of illumination light with a longitudinal direction of the mask pattern 12, and 
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parallel with the polarizing plate 6, contrast of a detailed line and space pattern image can be improved, and a miniaturization of an 
integrated circuit becomes possible. Since the degree of detail of a pattern is comparatively loose except a detailed one-dimensional 
line and space pattern, even if polarization of illumination light is not correctly optimized to a pattern, falls of contrast to produce are 
few. 

[O028]Here, in drawing 1 , although the light source 1 was used as a mercury lamp, they may be other lamps and jaser light sources. 
When especially a light source is the laser which ejects linear polarization or circular light, 1/2 wavelength plate and 1/4 wavelength 
plate can be used as a component for controlling a polarization condition. 

[0029] Drawing 2 (A) is an explanatory view showing an example of a polarizing member in a case of using laser as a light source. In a 
figure, incident light Lq (light flux from a light source) which is linear polarization (a polarization direction is a space sliding direction) 
enters into the 1/2 wavelength plate 6a. At this time, the direction of a reference axis of the 1/2 wavelength plate 6a (two-dot chain 
line in a figure) and a polarization direction of incident fight Lq assume that only theta leans. As a result, a polarization direction of 
exit light L-| becomes that to which only 2 theta inclined to a polarization direction of incident light Lq. Therefore, a polarization 
direction of exit light Li can be set up in the arbitrary directions by rotating the 1/2 wavelength plate 6a in a field vertical to 
illumination light with the holding fixture 7. 

[0030]As a reference axis of the 1 /2 wavelength plate 6a is shown in drawing 2 (B), the transmitted light of a polarization direction 
parallel to a reference axis (two-dot chain line) is received, Optical path length difference of li=m lambda+alpha was given, and it was 
considered as an axis which gives light path length of l2=m lambda+alpha+lambda / 2=l-j+Iambda/2 to the transmitted light of a vertical 
polarization direction. 

[0031]When light emitted from a light source is not linear polarization but circular light, a polarization direction of exit light can be 
similarly controlled with drawing 2 having explained by using 1/4 wavelength plate instead of 1/2 wavelength plate. In this case, light 
flux ejected serves as linear polarization according to the rotary place direction of 1/4 wavelength plate. 

[0032]As mentioned above, if 1/2 wavelength plate and 1/4 wavelength plate are used as a polarizing member using laser which 
ejects linear polarization or circular light as a light source, without losing light volume from a light source, a polarization direction can 
be changed in the optimal direction and it can lead to a mask. On the other hand, since light volume after polarizing member passage 
becomes half theoretically when a lamp is used as a light source (when light of an unpolarized light state is emitted from a light 
source), it is necessary to care about this point. 

[0033]As for an incoming beam, when using 1/4 wavelength plate and 1/2 wavelength plate as a polarizing member, it is desirable that 
it is close to a parallel pencil. Therefore, 1/4 wavelength plate and 1/2 wavelength plate are not after optical integrator 5 injection in 
drawing 1 , and it is preferred to set, for example to the light source (laser light source) side from the relay lens 4. This arrangement 
may be applied to a case where light sources, such as a mercury lamp, are used. 
[0034] 

[Effect of the Invention]According to the mask pattern, especially a detailed one-dimensional line and space pattern, the polarization 
condition of the illumination light is controlled by this invention like above. 

Therefore, the coherence of the diffracted light from a pattern formation face increases, and it becomes possible to transfer the 
image of the minute pattern of very high contrast on an induction substrate. 

Under the present circumstances, if a phase shift mask is used, the contrast of an image can be raised further. If it faces controlling 
the polarization condition of the illumination light 1/[ 1/2 or ] 4 wavelength plate is used as a polarizing member and laser is used as 
a light source, the amount of illumination light will not be lost. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] lt is a block diagram of the exposure device by this invention embodiment 

[Drawing 2] (A) (B) is an outside figure for explaining the polarizing member in the case of using laser for a light source. 
[Drawing 3] (A) - (D) is a key map for explaining an operation of this invention. 
[Explanations of letters or numerals] 

1 Light source 

2 Elliptic mirror 

3 and 9 Mirror 

4 Condenser 

5 Optical integrator 

6 Polarizing plate 

6a 1 /2 wavelength plate 

7 Support 

8 and 10 Condenser lens 
1 1 Photo mask (reticle) 

1 3 Projection optical system 

14 Wafer 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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0. 39 1) = 8 0?tfC*4. 
[ 0 0 1 9 ] 03 (0 OSflBEC J: 

0%T&S. 

[00 2 0] &-?T, v^^t»(KS<TJt-'V->'36*5 

4 w^-K^-x^-yokf. /^->«gfj 



ftkTH^^lcBHBIfiwllW^ («*§^7 MP) * 
ft3^SftTV*4B#§arCH\ SfiftkP 
fcT«W4£i:?. &<0ayh7*h£|6Lk§-es.r 
[002 1 ] 03T'ii7:r W7.:?k LTftSx7hv 

a. tit. mmMz£z,®&mzm?t%£m 
[0022] %lx. mm&mmmvmth - k 

£ «^ k it . #J i li* 0 3 OWfcfc Wt 0 WV- 
0 (08Bfctt0' ) #45* fcfcSk, sin 2 0 = c 

os 2 etKiXzyhvzhtfotKiztz^tti 
im&x-t>&. 

[0023] mmmxiz&^x sm%£ 

^■rs £ t «>#i ^ix-s* 5 , jsrajfeJ 1 sffi3tk p«ft<7) 
^iweiiT**^ «3tawiiBi!ftt<oi/2«Miai 

tLX^l. 
[0024] 

[HMM] 0 1 l4*»W^atHt J: SS3tHSWlf fi£ 

titz%Mmtmnm2. 59-3. «^uyX4. ^-r 

USA, ^-fLi: WSr«l£4M>k LT0K»ng 

•r*ssHB*stt, i<oflBe«6<oiii«armt«tfcfiBe 

[0025] «5t«6 *ffliiUM!3KI;L ^yf^t- 
l^yX8, 10. S 9-9(^*^X7* (V 
-?-^;p) l l±o (Tffiw) w-yi2MBItl. 
7*Y~?X?ll tphff^m. H*f3B«W«*5R 1 3 



(4) 



8BPP5-1 096 0 1 



[0 0 2 6] ZZX\ -?x?rt?-y\2\,±WK(rM 

-ytf-dStyJ yryYx^-xn? -yx\ fr-?1r 
<t)^. WM&tf-yinm-dSccoyjyTyvx 

yjy Yx^-xn9-yw\-wt-y<7rtW<i. y 
^yryYx^-x)^-y\,zVcKx±%<^:r>x^ 

[0027] (iS^T. Mm. 6(Ci Bpjftfcoflift;* 
fSjSr v^^^^-y 1 2W£##r6]fcWrfcfifr*.S ,1 fc 

h yx h fcKLtf * i t *«"Cgi , ife8[lHlS5<7)8tffl'fk*^r 
flfifcfc*. WSft-dStyJyTyYX't.-XW-y 

mrn* tw-ymimtfwmvp&^fcto. w 
- yizti Lxwmm%tfjEmiz%Mtt£tix^% < 

[0 0 28] HlfcfcWOt, 3e«lU*«5 

yrtu:**, fSw^yr^-if-ftST&^Tka 

[0029] 02(A) tem.btxi'— 
<m%m<m^7^twmx'hh. muz&wz. w& 
m% (mmmm±.T*M) t*>sai«l 0 

t.AWftLo nmmftffetsm^x^hitvbi- 

ffl3K*(6lfc*fLT2<?^tffiV^t,^t^a. ft-5T. 
m% 7 fc «t 0 1 / 2 jfcHlg 6 a frHPJftfcfili&BBrt 

[00 3 0] l/2tfcft86aOS9ttii, H2 
(B) fcjj*3*i4*K. £Wtt (2j£MII) KW&fifft 

4*. SE&iI#;)jffl<9^3B=*tLT«. 1 2 =mA 
+ a + A/2=l! + A/2 0ft8&*£-5-;cSttfcl 

[0031] mipL>mztih%tm&®%,x'%<Pi 

mx-blHfeli. i/2«5S«>ffcb OK 1/4*5 
«fc«3£fcfc:J:»K B2TWSUfcfcHaMcl/C»aj 
3K«Ofll3ieari*lSrlBI*W* i 4: & . SOU 



zuixsmt* i/4*«K«igefiHKrtucBt3t« 

ISfilttfc&S. 

[0032] JJW)J: o |c % ft^i UTfittfiBKifctt 
PMKefcWSW SV— f £JBi\ ffl^ttfc LT 1/2 

si b%<mffimmttmz$m ix-?x? 

lzm<ZbtfX'%&. CfiteJtU %MblXyy7$ 

[0 033] fris, 1/C1/48MIK, 1/ 

m\*<r>*T1~i])\>4 y7-7\s-f-58S$,1kX'%< . 
Wi»y l^-i^yX4 J: Oftil ( fl(cR£ 

[0034] 

~yt^tTi»®lfiOflBBttSI**!SW- SWT. 

y^ffiA^wm^^F^tt^Si o . seme 
Si^TSv > a y h yx h <mm>*t-y<mzw?t & 

tlii. -m&<?>3yYyXY*n#>hZbti i X'%Z>. t 

ti. m&&M%MM izfeLx. mxmtb 

LX\/2tM±l/4mm:mL. XMbLXV 

[Ei ] *mmmiz£m%3iwmi&®x'$>z>. 

[02] (A) . (B) l»k-f?:ffll^^« 

»tf jcov ^TSiBj-r s fc«x^MSHT* h . 

[03] (A) ~(D) ll^ffl^fflilMtiftMi 
^:0TS>S. 

i ^as 

2 

3, 9 5 5- 

4 wtvyx 

5 *rf*n"fvf^-^ 

6 

6 a l/2*fcJHK 

7 iit^ 

8. io ayfy-f-\yyX 
13 

1 4 ")IA 



(6) 



#S¥5-1 0 9601 



im3] 





(D) 



15a 











V 






15b 


\A 



(51) Int. CI . 5 



7352-4M 



F I 

H 0 1 L 21/30 



3 11 W 



